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Interfacial Blending Agent for Natural Fiber Composites 

Technical Field 

The invention described herein pertains generally to a process to make a stainable and 
paintable composite comprising a first plastic and an essentially homogeneous blend of a second 
plastic and natural fibers, particularly suitable for use as door and window components as well as 
siding applications; 

Background of the Invention 
In the art of window and door components and trim, such components have historically 
been made of 100% natural wood. Residential windows are commonly manufactured from milled 
wood products that are assembled with glass to form double hung or casement units. Wood 
windows, while structurally sound, useful and well adapted for use in many residential 
installations, can deteriorate under certain circumstances. Wood windows require painting and 
other periodic maintenance. Wood windows are costly due to the increasing scarcity of suitable 
wood for construction, particularly clear wood products. As an alternative to wood, metal 
components are often combined with glass and fabricated into windows. Metal windows 
however, typically suffer from substantial energy loss during winter months. 

In recent years, extruded thermoplastic materials have been used in window and door 
manufacture. Filled and unfilled thermoplastics have been extruded into components to form 
plastic windows and into seals, trim, weatherstripping, coatings, and other window construction 
components. Thermoplastic materials such as polyvinyl chloride (PVC) have been combined with 
wood members in manufacturing some windows for certain performance and cost advantages. 
The plastic is often colored with a coloring agent to give a wood-like appearance or to match the 
colors of the surrounding area. Although the colored plastic may appear somewhat wood-like, it 
cannot be painted or sanded or stained like real wood. For this reason, it was difficult, if not 
impossible, to match plastic components to natural wood surroundings. One prior art solution 
wrapped the plastic with a foil or laminate having a wood-like appearance. Still another solution 
used an epoxy to glue wood laminates onto the thermoplastic. Such laminates however are 
expensive and easily damaged. 

It is known in the art to combine different forms of plastic with different forms of natural 
fiber such as wood flour, crushed shells of nuts, and other natural materials, the same being 
taught for example, in Canadian Laid Open application 2, 144,566. The purpose of such previous 
combinations has been to enhance the physical properties and lower the cost of the product. 
However, the patent teaches the use of polyvinyl chloride / wood flour / metal release agent / 
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fusion enhancer combination, which obtains its benefits from a physical mixing of the reactants. 
There is no teaching of any form of physisorption or chemisorption bonding, nor of the benefits 
which may be derived therefrom. Accordingly, a substantial need exists for a composite material 
that can be made of polymer and wood fiber with an optional, intentional recycle of a waste 
5 stream, which obtains its composite blend properties from the incorporation of a polymeric 
surfactant into the reactant mixture. Through this intimate bonding, a homogeneously dispersed 
cellulose fiber / polymer blend composite may be obtained. A further need exists for a composite 
material that can be extruded into a shape that is a direct substitute for the equivalent milled 
shape in a wooden or metal structural member. This need requires a coefficient of thermal 
1 0 expansion that approximates wood, a material that can be extruded into reproducible stable 

dimensions, a high compressive strength, a low thermal transmission rate, an improved resistance 
to insect attack and rot while in use, and a hardness and rigidity that permits sawing, milling and 
fastening retention comparable to wood. 

Further, companies manufacturing window and door products have become significantly 
1 5 sensitive to waste streams produced in the manufacture of such products. Substantial quantities 
of wood waste, including wood trim pieces, sawdust, wood milling by-products, recycled 
thermoplastic including recycled polyvinyl chloride, have caused significant expense to window 
manufacturers. Commonly, these materials are either burned for their heat value in electrical 
generation, or are shipped to qualified landfills for disposal. Such waste streams are 
20 contaminated with substantial proportions of hot melt and solvent-based adhesives, waste 
thermoplastic such as polyvinyl chloride, paint, preservatives, and other organic materials. A 
substantial need exists to find a productive, environmentally compatible process for using such 
waste streams for useful structural members and thus, to avoid returning the materials into the 
environment in an environmentally harmful way. 
25 Therefore, the prior art teaches that conventional window and door manufacture has 

commonly used wood, metal and thermoplastic composites or a combination thereof. Wood 
windows, while structurally sound, can deteriorate under certain circumstances and require 
painting and other periodic maintenance. Thermoplastic, metal or thermoplastic composite 
windows have overcome this problem, but have created others. Metal windows typically suffer 
30 from substantial energy loss during winter months. Thermoplastic or thermoplastic composite 
windows, although structurally sound, have no wood on the inside which is generally preferred by 
the consumer. To overcome this shortcoming, manufacturers have used various alternatives. 
One such alternative is a combination of wood, metal or thermoplastic for the manufacture of 
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windows which places the metal or thermoplastic on the outside of the window (thereby 
eliminating painting), while having the inside of the window as a wood surface, which can then be 
sanded, painted or stained. The thermoplastic or thermoplastic composite manufacturer often 
wraps the surfaces visible on the inside of the window with a foil or laminate having a wood-like 
appearance. Such foils however, are expensive, difficult and time consuming to apply and are 
easily damaged by the end-user. At best, they are only an imitation which is obvious to the end- 
user and cannot be sanded or stained. Another approach is to glue wood veneer on the inside of 
the window surfaces. This however, is difficult to apply and extremely costly. 

The present invention relates to a new and improved stainable and paintable article and 
method of making the article which is effective in use and overcomes the foregoing difficulties 
and disadvantages while providing better and more advantageous overall results. 

Summary of the Invention 

In accordance with the present invention, there is provided a process for combining 
cellulosic fiber and thermoplastic polymer materials, for example, wood fiber and polyvinyl 
chloride, coupled with the addition of a controlled amount of a release agent and an interfacial 
agent, within defined shear rate ranges, to form a composite material which is useful in forming 
structural members of controllable porosity, thereby permitting the application of stains and/or 
paints in a manner similar to that of natural wood. 

In addition, the invention pertains to the additional step of coextruding an additional 
thermoplastic material (e.g., PVC) to form a unique composite of a composite plus a 
thermoplastic (i.e., composite of thermoplastic and wood flour plus either the same or another 
thermoplastic). This composite can be used to produce window and door parts that can be 
sanded, painted and stained on the natural fiber / thermoplastic side and have the advantage of the 
thermoplastic on the other side. This composite material can be used to replace parts being 
produced from wood, thermoplastic or metal such as aluminum and a combination thereof. 

The process of this invention manufactures a composite shape comprising a mixture of a 
first polymer and cellulosic fiber with optionally, a second polymer such as polyvinyl chloride. In 
making the natural fiber / PVC composite, about 1 0-55% of fiber anJ about 90-45% polymer are 
combined in an extruder. The materials are blended in a high intensity mixer and extruded in a 
multi screw extruder. This is the preferred method, but it is recognized that blending and mixing 
can be done in the multi-screw extruder, thereby eliminating the high intensity mixer. The 
mixture is blended under melt conditions in the extruder under sufficient conditions of 
temperature and pressure to permit degassing (i.e., extracting water out of wood flour, and the 
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volatiles and water out of the PVC) and simultaneously have an extrudate with a porosity that 
when formed, can be sanded, painted and stained. 

The preferred composite material can be made from many different plastics, e.g., 
polyolefin, polystyrene, poly(meth)acrylic or polyester. The most preferred system uses polyvinyl 
chloride and wood flour. It has been found that the addition of a metal release agent is required 
to obtain a melt which is fracture-free. This agent may interact with an interfacial agent and the 
two components must be combined in defined ratios to obtain good fusion and desired porosity. 
Shear rate through the die openings affect porosity. The higher the shear rate, the higher the 
porosity. Shear rates in the range of 200-500 sec" 1 have been found to produce the desired 
porosity. While a twin screw extruder is envisioned to be the best mode of practicing the 
invention, it is believed that a single screw extruder will also produce an acceptable product with 
certain screw and barrel modifications. 

It is an object of this invention to provide a process by which wood flour, thermoplastic 
polymer, metal release agent and interfacial agent are combined to result in a composite which is 
of controlled porosity. 

It is another object of this invention to provide an improved extruder screw design by 
which the above composite can be formed. 

These and other objects of this invention will be evident when viewed in light of the 
drawings, detailed description, and appended claims. 

Brief Description of the Drawings 

The invention may take physical form in certain parts and arrangements of parts, a 
preferred embodiment of which will be described in detail in the specification and illustrated in the 
accompanying drawings which form a part hereof, and wherein: 

Fig. I is typical manufacturing setup for equipment used to compound a PVC/wood 
composite; 

Fig. 2 is a manufacturing setup showing two extruders and a dual extrusion head, with 
subsequent material processing equipment; 

Fig. 3 is a side view of ar. extruder screw as would be used in Fig. 2 for performing the 
process of the present invention; 

Fig: 3a is an expanded view of a notch configuration in the pre-compression section of the 
extruder screw as shown in Fig. 3 ; 

Fig. 4 is a side view of an extruder with various identified temperature zones; 

Fig. 5 is a side view of an extruder showing the proper feeding level within the feed tube; 
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Fig, 6 is a side view shown in cross-section of the co-extrusion die; 
Fig. 7 is a side view a vacuum calibration device; 

Fig. 8 is a cross-sectional view of the vacuum calibration device shown in Fig. 7 along line 

8-8; 

5 Fig. 9 is a side view of an embossing station; 

Fig. 10 is a perspective view of a piece of trim manufactured in accordance with the 
process described in this invention; 

Fig. 1 1 is a perspective view of a handle rail manufactured in accordance with the process 
described in this invention; 
10 Fig. 12 is a perspective of a double hung window utilizing components manufactured in 

accordance with the process described in this invention; 

Fig. 13 is a steel, fiberglass or wood door utilizing components manufactured in 
accordance with the process described in this invention; 

Fig. 14 is a window component manufactured in accordance with the process described in 
15 this invention; 

Fig. 15 is a scanning electron micrograph of a natural fiber/PVC composite taken at 15 
KV at 20x magnification; 

Fig. 16 is an enlarged scanning electron micrograph of Fig. 15 taken at 15 KV at lOOx 
magnification; and 

20 Fig. 1 7 is an FTIR spectra showing the afreet of the addition of an interfacial agent 

wherein Sample A has an oxidized polyethylene as the interfacial agent and Sample B has no 
interfacial agent added. 

Detailed Description of the Invention 
Referring now to the drawings wherein the showings are for purposes of illustrating the 
25 preferred embodiment of the invention only and not for purposes of limiting the same, the Figures 
show a process and a product which results from the process taught in this invention. 

As shown in Fig. 10, a composite article (150) is shown having a first zone (152) and a 
second zone (154). In a preferred embodiment, the first zone is made entirely of plastic, most 
preferredly polyvinyl chloride. The second zone is a composite made of natural fiber and plastic. 
30 Once again, the most preferred plastic is polyvinyl chloride while the preferred natural fiber is 
wood flour. Other non-limiting examples of other thermoplastics believed to be useful in this 
invention would include polyolefins, polystyrenes, polyacrylics and polyesters, while other natural 
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fiberssuch as crashed nut shells are also envisioned as being capable of successful incorporation 
into this invention. 

The surface (1 56) of the second zone (1 54) is formed so that it has sufficient porosity to 
hold and retain conventional wood stain. The porosity of surface (156) is controlled by a 
mechanism which is not as yet fully understood, but is believed to involve several variables. The 
addition of small amounts of porosity agents, sometimes referred to as metal release agents, 
affects surface porosity. Increasing the amount of porosity agent in the composite decreases the 
porosity of the surface while decreasing the amount of porosity agent increases porosity. The 
preferred porosity agent is available under the commercial name Rheochem Rheolube, a paraffin 
and/or hydrocarbon wax blend [CAS Reg. No. 8002-74-2] having a melting point above 170°F, 
(preferably above 85 °C) although other porosity agents, either alone or in combination with other 
porosity agents or metal release agents, which fiinction in a similar capacity are also envisioned to 
be within the scope of this invention. Porosity agents are added in an amount of from 0.01% to 
5%, more preferably from 0.1% to 4%, and most preferably from 0.5% to 3% weight percent. 

Interfacial agents also play a role in this process in aiding with the intimate blending of the 
dissimilar surfaces of wood flour (hydrophilic) and polymer (hydrophobic). The interfacial agent 
acts as a polymeric surfactant and aids in the formation of the polymer / wood flour blend 
through its dual functionality of having at least one portion of the moiety being hydrophilic and at 
least one other portion of the molecule being hydrophobic. Perhaps phrased another way, the 
moiety must be functionalized to the extent wherein at least one part of the molecule can bond 
either in a chemical or a physical sense, to at least the cellulose component of the wood flour 
while at least one other portion of the molecule can mix and/or compatibilize with the polymer. 

Shear rate through the extrusion die opening also determines the final composite porosity 
and measurable porosity was only achieved by using a shear rate which was between 220-500 
sec"'. Surface (156) is alsosandable with conventional sandpaper and can also be paintable. As 
such, the surface can be sanded, painted or stained to closely resemble genuine wood and can be 
matched to other interior surfaces. 

Wood flour (as wood) is comprised of different wood particles which tend to vary in 
color. A coloring agent (e g., TiOj) is added to eliminate this variation. This is accomplished in 
the second zone (154), where variations and color of natural fiber may make such color 
emulation difficult to control within precise color schemes. Typically another coloring agent 
(e.g., Ferro V91 56) is added to simulate wood colors. 
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The composite which makes up the second zone includes 10% to 55% natural fiber and 
45% to 90% PVC, and a sufficient amount of both a porosity agent and an interfacial agent as 
defined previously to obtain a surface suitable for staining. One example of an interfacial agent is 
a copolymer of ethylene and acrylic acid, i.e., poly(ethylene-co-acrylic acid) 
(-CH 2 CH 2 -) x [-CH 2 CH(C0 2 H)-] y of varying acrylic acid content. The CAS number for this family 
of compounds is [9010-77-9]. The interfacial agent is required to promote fusion in the extruder 
prior to venting to allow application of a vacuum to abstract moisture from the natural fiber. The 
interfacial agent is typically added in an amount of from 0.01% to 2%, more preferably from 
0.05% to 1%, and most preferably from 0,01% to 0.5% by weight. 

It is envisioned that a number of polymers are capable of acting as an interfacial agent 
between the cellulose surfaces in the wood flour, which have a high hydroxy content, and the 
polymer phase, e.g., polyvinyl chloride. Without being limited to any one theory, it is believed 
that the interfacial agent adsorbs on the surface of the cellulose particles and makes that surface 
"look" more polymer-like to the surrounding polyvinyl chloride. Hence, any polymeric 
compound likely to physisorb or chemisorb on cellulose is believed to provide the desired 
interfacial blending necessary to effectively form the desired product blend. 

Various copolymers effective in this application would include copolymers of ethylene 
and acrylic acid, i.e. poiy(ethyIene-co-acrylic acid), (-CHjCHj-JJ-CHjCHCCO^Hy. 
commercially available with varying acrylic acid content. One of the keys to the efficacy of this 
group of compounds is the w -co-acrylic acid" or similar type of polymer grouping. Other 
promising candidates of this sort would include: 

poly(ethylene-co-methacrylic acid), 

(•CH 2 CH 2 .)J.OTACH,)(C0 2 H).] y ; 

poly(ethylene-co-methyl acrylate-co-acrylic acid), 

(-CH 2 CH r ) ll [^;H 2 CH(C0 2 CH J ).] y [.CH 2 CH(C0 2 H).] I ; 

poly(methyi methacrylate-co-methacrylic acid), 

[-CH 2 C(CH 3 )(C0 2 ^ ; and 

poly(tert-butyl acrylate-co-ethji acrylate-co-methacrylic acid), 
l-CH 2 CH[C0 2 C^ 

Another characteristic believed to play a role in the efficacy of the interfacial agent is its hydroxy 
content. Assuming physisorption is the predominant mechanism, then compounds which are 
believed to aid in the composition would include: 
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poly(styrene-co-allyl alcohol), 

(-CH^HCCAHf-CHXHCCH.OH).^ ; and 
poly(vinyl alcohol-co-ethylene), 

(-CH 2 CH r )J.CH 2 CH(OH)-] y . 
As will be discussed later in this application, when chemisorption is at least one of the operative 
modes of this invention regarding the interfacial agent and the cellulose, then any carboxylic acid 
group containing polymer will have at least some degree of efficacy in this system. Additionally, 
ester bonds can be formed from amides, acrylates, acyl haldes, nitriles and acid anhydrides 
reacting with hydroxyl groups. Additional representative polymers would include: 
polyvinyl chloride), carboxylated, 

poly(vinyl chloride-co-vinyl acetate-co-maleic anhydride), and 

KH,CH(C1H[CH 2 ^^ 
various -co-maleic acid or -graft-maleic acid polymers, of which there are many. 
Amides will react with alcohols under acidic conditions to produce an ester and an ammonium 
salt, rather than water as in the case with carboxylic acids, of which representative examples 
would include: 

polyacrylamide, 

[-CHjCHCCONH,)-],, ; and 
poly(acrylamide-co-acrylic acid), 

[-CH 2 CH(CONH 2 >] x [CH 2 CH(C0 2 H)-] v , 
although the hygroscopic qualities of these polymers somewhat diminish their effectiveness in this 
application. 

Another chemistry which is applicable is that of the acrylates, which are a subset of esters. 
It would be possible to form an ester bond with an alcohol producing another alcohol in a 
transesterification reaction. For example, a methacrylate containing polymer could react with the 
surface hydroxyl to form the surface ester bond and methanol. Representative examples would 
include: 

poly(methyl methacrylate), 

[.CHAC^XCO^H; 

poly(ethyl methacrylate), 

poly(eihylene-co-ethyl acrylate), 

(-CHjCHj-Xt-CHjCHfCOAH,)-}, ; and 
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poly(butyl acrylate), 

[-(CH^CO^CH^CH^ . 
It is also known that acyl halides can react with an hydroxy! group to yield the ester bond and 
HC1. Another reaction chemistry would include that of a nitrile with a hydroxy! group under 
S acidic conditions to yield the ester bond and an ammonium salt. Representative examples would 
include: 

polyacrylonitrile, 

[-CH 2 CH(CNH ;and 
poly(acrylonitrile-co-butadiene), 
10 [-CH 2 CH(CN)-l x (-CH 2 CH-CHCH r ] y t 

particularly when the above poly(acrylonitrile-co-butadiene) is functionalized via amine 
termination or carboxylation. 

Another reaction which is possible is via an acid anhydride which reacts with a hydroxy! 
group to give the ester bond and an ester. A representative example would include: 
1 5 poly(ethylene-co-ethyl acrylate-co-maleic anhydride). 

Another family of block copolymers which are believed to be effective in this composition 
would be those formed with poiyacrylic or polymethyacrylic acid, e.g., polystyrene di-block 
copolymers such as poiystyrene-b-polyacrylic acid and polystyrene-b-polymethacrylic acid. Other 
candidates include block copolymers with polyvinyl alcohol or polyoxyethylene. 
20 Another family of block copolymers which are believed to be effective in this composition would 
be those formed with poiyacrylic or polymethyacrylic acid, e.g., polystyrene di-block copolymers 
such as polystyrene-b-polyacrylic acid and polystyrene-b-polymethacrylic acid. Other candidates 
include block copolymers with polyvinyl alcohol or polyoxyethylene. 

Once again, without being limited to any one theory of operation, it is conceivable that 
25 any hydroxyl, hydroxy or add functionalized low to medium molecular weight polymers may 
serve as compatibilizers in this system, e.g., hydroxyl functionalized polybutadiene [CAS 69102- 
90-5], HO(-CH 2 CH=CHCH r ) n OH. Other compounds which may act similarly would include 
polyvinyl chloride-co-vinyl acetate), 

[-CHjCHCCO-U-CHjCHtOjCC^H; 
30 poly(vinyI chloride-co-vinyl acetate-co-2-hydroxypropyl acrylate), 

[-CH 2 CH(^ ; and 

poly(vinyl chloride-co-vinyl acetate-co-maleic acid), 

[-CHjCHCCO-UCH.CHCOjCCHjHyr-CHCCO^CHCCO^], . 


WO 97/30838 


PCT/US97/O2606 


10 

As shown in Fig. 1, a typical manufacturing mixing setup is shown in order to produce the 
plastic/wood composite. In an illustrative example, the following materials as shown in Table I 
would be added into mixing apparatus (10) through inlet (12). 

Table I 


S 


Component 

Quantity (lbs.) 

Wood Flour 

50.0 

Porosity Agent 

2.5 

Interfacial Agent 

0.3 

Pigment 

5.0 

PVC 

116.0 


The preferred plastic is polyvinyl chloride or PVC, although it is envisioned that other 
thermoplastics would also be operative in this process making appropriate temperature 
modifications due to polymeric base property differences. Other envisioned thermoplastics would 
include polyolefins, polystyrenes, polyacrylics and polyesters. The preferred natural fiber, wood 
flour, is manufactured in hardwood and pine grades, or in any natural fiber containing cellulose, 
and in various particle size distributions. Wile the mesh sizes from 20 mesh (850^) to 140 mesh 
( 1 06a/), the preferred wood fiber is 80 mesh ( 1 80/i) hardwood grade. 

The high intensity mixer (10) is started using mixing blade (16) in hopper (14) after the 
ingredients are added via inlet (12). Mixing continues until the temperature of the mixture 
reaches 2 10°F. This temperature is higher than the melting point of the porosity aid used 
(Rheolube), but lower than its decomposition temperature. As the porosity aid is melted, it 
adheres to the wood and other ingredients making a better homogeneous mixture. Upon 
reaching the final mixing temperature, the high intensity mixer (10) is stopped and its contents 
discharged via outlet (18) into water jacketed ribbon blender (20) which reduces the mixture 
temperature to a lower constant temperature, thereby reducing the heat history of the composite 
material. In a preferred embodiment, this reduced temperature is room temperature. Variations 
in material temperature will cause extrusion throughput changes, which is highly undesirable, as 
would be the case when the material is used immediately after blending. Since generally some 
period of time passes prior to the utilization of the material, the temperature is reduced to room 
temperature for convenience, and to minimize degradation. 
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In Fig. 2, a typical manufacturing operation (30) is shown schematically. A first extruder 
(32) 9 into which the mixed polymer/fiber has been added of Fig. 1, extrudes the natural fiber / 
plastic compound through a dual extrusion head (36). A second extruder (34) which is necessary 
to make a co-laminated extruded product, but optional to simply make a natural fiber / plastic 
5 compound, extrudes a solid polymer (e.g., PVC), also through the dual extrusion head. The 
preferred manufacturing operation utilizes a conical twin extruder because it has good PVC 
processing characteristics, can homogenize the PVC/wood flour mixture and all other ingredients. 
In addition, it has venting capability to extract water from the wood flour and the other 
components. Wood flour can have between 1-10% water initially present, (more typically 3-6%), 
and this amount is reduced down to less than about VS%. After the composite has been extruded 
through the dual extrusion head (36), it passes to a vacuum calibration device (38), described 
more fully with reference to Figs. 7-8, an embossing station (40), described more fully with 
reference to Fig. 9, a puller (42) which continues to pull the extruded composite through the 
process apparatii and a cutter (44) which cuts the composite to desired lengths. While separate 
mixing and extruding equipment has been described, for some applications, it is possible that the 
step of mixing can occur in the extruder. It is of course appreciated that the designation of first 
and second extruders is for purposes of convenience only, and that material fed into one extruder 
could just as easily be fed into the other extruder after having incorporated the modifications to 
the screw design as discussed below in addition to the appropriate temperatures as also discussed. 

As shown in Fig. 3, one customized screw (50) from the extruder (32) is shown. Because 
of the high wood flour content in the compound, a set of high shear screws are utilized to 
enhance fusion before the vent. To further enhance the fusion process between the wood flour 
and polymer, the feed and shear sections prior to the vent have been modified to increase the feed 
(wood flour greatly decreases the bulk density) and increase the shear action of the screws. A 
screw shaft (52) is divided into a plurality of sections, each designed to maximize the 
performance of one aspect of this process. In the feed section, screws (56) of width (w), e.g., 
0.560" are reduced to screws (54) having a more narrow width (w'), e.g., 0.236" to permit more 
feed into the extruder and minimize the wear and tear on the screw flights. In the pre- 
compression section, a plurality of notches (60), (26 notches as used in a specific embodiment of 
this invention) are cut into the screws (58) to increase the amount of shear to which the 
composite is exposed, since a homogeneous melt has yet to be made, leading to compression 
section (62) where the fusion is maximized. The pre-compression screws notches are - 1 " 
diameter and the notches are -0. 17" up from the root diameter of the screw with -6 notches per 
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flight as shown in Fig. 3a. Vent flight (64) relieves the pressure generated by the fusion process 
and water vapor release leading to metering section (66) which leads to extrusion die (36). 
Insufficient vacuum leads to a product which easily goes through the die, but which has no 
mechanical strength. The vacuum used typically is about 0.6 bar, but can range from 0.2 to 1 bar. 

As indicated previously, wood flour reduces the bulk density of the composite 
formulation. With the preferred 30-40% wood flour content, extrusion in a multi-screw extruder, 
with conventional screws, such as used in PVC pipe extrusion, was simply not possible. The 
material was not sufficiently melted to allow abstracting water and volatiles. Altering the screws 
as described previously, to obtain more volume in the metering zone and more shear in the 
compression section, permitted controlled venting. It has also be determined that the temperature 
profile of the extruder is important in developing the characteristics associated with the 
composite of this invention. It has been found that a high initial temperature in the input zone of 
the extruder is important, while reducing the temperature through the extnider zones as the 
material passes from the input zone through interior zones to the die zones aids in melting the 
material prior to the venting port, and also aids in forming a melt that is homogeneous and has 
porosity after it exits the die. 

In a preferred embodiment of this invention, the temperature profile of the extruder 
comprises a high input temperature, a step-wise reduction in temperature as the material passes 
from the input zone through the interior zones of the extruder. The temperature of the 
coextrusion die is greater than the interior zone, but less than the input (feed) zone. Even using 
the above mentioned steps, melting prior to the vent was difficult. The addition of an interfacial 
agent greatly enhances fusion prior to the vent, but also has an adverse effect on the porosity of 
the melt. 

The preferred extruder for performing the present invention is a Krauss-Maflei KMD 60 
multi-screw extruder. Other extruders such as Cincinnati Milacron (CM-55) could also be 
utilized in the invention. The KMD 60 is preferred in that it has a positive displacement pump for 
the controlled transport of material through a die. The extruders used in this invention will have 
as major components, a barrel and preferably two screws, to transport, mix and compress the 
material, a heating and cooling system to control the heat needed for processing, a drive train to 
power the screws, and a control station for controlling the operation of the extruder, including 
instruments to monitor the process and indicate possible problems. 

The barrel will be of a meshing, dual conical tape bore. The combination of barrel taper 
and screw flight provides proper compression of the composite material. As shown in Fig. 4, the 
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barrel is manufactured in one piece and has four operational zones. The larger outside diameter 
of the screws in the barrel intake area, zone 1 (78), allows for good intake of material and 
provides a large surface area for heat transfer to the material. Between zones two (79) and three 

(80) , is a vent (76) to allow moisture and other gases to escape from the barrel (71). The fourth 
5 zone (81) is a metering zone where the material is compressed and metered out to a die (84). 

Between die (84) and extruder barrel (71) is an adapter (82) having zones 5 (83) and 6 (85). 

The screws each have a hollow core through which heat transfer liquid is circulated. This 
allows the transfer of unwanted frictional heat from zone 4 (81) back toward zone 1 (78). The 
four heat zones on barrel (71) are independently controlled by electric heat bands and heat 

0 exchangers for accurate stabilization of operation temperatures. Likewise, zones 5 (83) and 6 
(85) on adapter (82) and zone 7 (87) on die (84) are independently controlled by heater bands 
and heat exchangers for accurate temperature control. The temperature of the heat transfer liquid 
in the screws is also independently controlled. The preferred screws are Krauss-Maffei Pipe 
screws (high shear and high compression), and the preferred die is a custom-built co-extrusion 

5 die. 

Heat is applied to the four barrel zones by the electric heat bands. Heat is removed from 
barrel (71) by circulating oil through coils wound around the ban-els at zones 2 (79), 3 (80) and 4 

(81) . The oil is circulated by a pump unit through a heat exchanger located in the base of the 
extruder. The barrel cooling system is equipped with flow indicators for a visual check of the 

0 cooling performance in each cooling zone. Screw core cooling/heating is accomplished with an 
independent temperature control unit. 

The drive train begins with an infinitely variable speed, constant torque drive motor 
coupled to a speed reducer. From the speed reducer, the drive train evolves into a two-shaft 
distribution gear drive. Since the drive shafts are on the center lines of their corresponding 

5 tapered screws, it is possible to use large gears for torque transfer and large bearings to take up 
the axial force (back pressure) generated in the operation of the extruder. In order to achieve 
consistent quality of product, the speed and motor load of the drive train and the axial load of the 
thrust bearings are measured. The temperature within extruder (70) is elevated to have a profile 
as shown in Table II. 
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Table II 

Twin Screw Extruder Temperature Profile 


5 


Zone 

Temp f °F) 
Extruder #1 

Extruder #2 

Screw oil 

395 

240 

2 Zones before vent 

395 

360 

2 Zones after vent 

335 

290 

Adapter 

375 

375 

Extrusion die 

390 

390 


10 The temperature profiles of screw oil temperature (72), temperature two zones before (78) the 
vent (76), two zones after (80) the vent, the adapter (82) and extrusion die (84) are shown. 

As shown in Fig. 5, in most extruder applications, the common practice is to flood feed 
(94) the extruder (90). This should be avoided. The high wood flour content with 5-6% 
moisture, gives off steam when it comes into contact with the extrusion screws (102). It is 

1 5 difficult for the steam to escape when the feed throat (92) is flood fed (94) leading to clumping of 
material and output variations. A level that barely covers the screws (96) is ideal. 

When the extrudate exits the adapter (82) of Fig. 4, it enters into the integrally attached 
co-extrusion head (1 10) as shown in Fig. 6 wherein PVC extrudate (118) from the second 
extruder (1 12) is coextruded onto natural fiber/PVC extrudate (1 16) from the first extruder (1 14) 

20 to form the coextruded composite (120). A typical temperature profile of the second extruder 
(112) would be essentially as follows (Table III) when it is a single screw extruder, and would 
appear as the second column in Table II when a double screw extruder. Broader ranges for the 
temperatures would encompass from 165-218°C before the vent, from 138-199°C after the vent, 
from 149-218°C adjacent to the die, from 177-218°C at the die, and a screw oil temperature 

25 from 165-218°C. 
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Table m 


Zone 

Temperature (°F) I 

Rear 

340 1 

Adjacent 2 Zones 

330 1 

Adapter 

310 | 


As shown in Figs. 7 and 8, the composite extrudate (120) then passes through a vacuum 
calibration device (130) having vacuum grooves (134). The internal configuration which touches 
the composite extrudate has the shape of the final shape of the desired profile. A vacuum is 

10 applied to the composite shape to make it conform to the calibration configuration and 

continuously mold and cool the product. The calibration device is water cooled using water 
cooling channels (136) so that the composite extrudate cools while being formed. 

The composite shape is now completely cooled and enters the embossing station (140) as 
shown in Fig. 9. This is a 6" diameter hardened and chrome plated wheel (142) which is 

15 embossed with typically either a pine or oak pattern (144). It is heated to 177° - 199°Cand 

sufficient pressure is applied to obtain a wood pattern while it is being rotated from the composite 
shape being pulled through, although in some applications, the embossing station may be motor- 
driven. Depending on the number of surfaces which are to be embossed, an embossing roll is 
required for each surface. 

20 While the embosser is shown subsequent to the calibration device, it is also envisioned 

that in some applications, the embossing station (140) may be positioned subsequent to the 
extrusion die, followed by sizing calibration operations. In this instance, the material will still be 
hot and will require that the embossing station be motor driven and cooled. 

The finished composite shape then passes through a puller which acts as the pulling force 

25 to pull the composite through the calibration device and embossing stations. The composite 
shape is then pushed through a saw which travels with the shape as it is being sawn to length. 

The best mode for carrying out the invention will now be described for the purposes of 
illustrating the best mode known to the applicant at the time. The examples are illustrative only 
and not meant to limit the invention, as measured by the scope and spirit of the claims. 
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Example til 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions discussed above by combining the reactants in the following 
amounts: 

5 Table I 


Component 

Quantity (lbs.) 

Wood Flour 

(American Wood Flour) 

50.0 

Porosity Agent 

(Rheochem Rheotube 18S) 

2.5 

Interfacial Agent 

(as identified below) 

0.3 j 

Pigment 

(Dupont R960 Ti0 2 ) 

5.0 

Pigment 

(Ferro V9156) 

1.5 

PVC 

(Georgia Gulf 3304/WH194) 

116.0 


Ewtrnk 

15 A composite of PVC / wood flour / porosity agent / interfacial agent is made in 

accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of poly(ethylene-co-acrylic acid), (-CH^H^J-CHjCHCCO^-Jy, [CAS 9010- 
77-9] as the interfacial agent and wherein the values of x and y are adjusted to control the degree 
of blend compatibility desired with the final physical characteristics of the composite. 

20 Exam ple #3 

A composite of PVC7 wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of poly(ethylene-co-methaaylic acid), (-CH 2 CH r )J-CH 2 C(CH 3 )(C0 2 H).] y [CAS 
25053-53-6] as the interfacial agent and wherein the values of x and y are adjusted to control the 
25 degree of blend compatibility desired with the final physical characteristics of the composite. 
Example #4 

A composite of PVC / wood flour / porosity agent / interfacial agent in made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of poly(ethylene-co-methyl acrylate-co-acrylic acid), 
30 (-CH 2 CH r )J-CH 2 CH(C0 2 CH 3 H y [-CH 2 CH(C0 2 H)-] I [CAS 41525-41-1] as the interfacial agent 
and wherein the values of x, y and z are adjusted to control the degree of blend compatibility 
desired with the final physical characteristics of the composite. 
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Example US 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of poly(methyl methacrylate-co-methacrylic acid), 

[-CHjCCCHjXCOjCHjJ-U-CH^CCHjXCOjH)-^ as the interfacial agent and wherein the values 
of x and y are adjusted to control the degree of blend compatibility desired with the final physical 
characteristics of the composite. 
Example if 6 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of poly(tert-buty acrylate-co-ethyl acrylate-co-methacrylic acid), 
[-CH 2 CH[C0 2 C(CH3)3]3.] x [.CH 2 CH(C0 2 C 2 H5)-] y [-CH 2 C(CH 3 )(C0 2 H).3 I as the interfacial agent 
and wherein the values of x, y and z are adjusted to control the degree of blend compatibility 
desired with the final physical characteristics of the composite. 
Example U 7 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of poly(styrene-co-atlyl alcohol), [-CH 2 CH(C 6 H 3 )-] x [-CH 2 CH(CH 2 OH)-] y [CAS 
251 19-62-4] as the interfacial agent and wherein the values of x and y are adjusted to control the 
degree of blend compatibility desired with the final physical characteristics of the composite. 
Example U8 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of polyvinyl alcohol-co-ethylene), (-CH 2 CH 2 -) I [-CH 2 CH(OH)-J y [CAS 25067- 
34-9] as the interfacial agent and wherein the values of x and y are adjusted to control the degree 
of blend compatibility desired with the final physical characteristics of the composite. 
Example U9 

A composite of PVC / wood fiour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of polyvinyl chloride), carboxylated, as the interfacial agent. 
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Example H 10 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of polyvinyl chloride-co-vinyl acetate-co-maleic anhydride) 
KH 2 CH(CIH^ [CAS 9005-09-8] as the 

interfacial agent and wherein the values of x, y and z are adjusted to control the degree of blend 
compatibility desired with the final physical characteristics of the composite. 
Example UU 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of polyacrylamide, [-CH 2 CH(CONH 2 )-] n [CAS 9003-05-8] as the interfacial 
agent and wherein the value of n is adjusted lo control the degree of blend compatibility desired 
with the final physical characteristics of the composite. 
Example #12 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of poly(acrylamide-co-acrylic acid), [-CHjCHCCONH^JJCHjCHCCO^Hy 
[CAS 9003-06-9] as the interfacial agent and wherein the values of x and y are adjusted to 
control the degree of blend compatibility desired with the final physical characteristics of the 
composite. 
Example #13 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example Ml with 
the substitution of poly(methyl methacrylate), [-CH 2 C(CH 3 XC0 2 CH 3 )-] n [CAS 9001-14-7] as the 
interfacial agent and wherein the value of n is adjusted to control the degree of blend 
compatibility desired with the final physical characteristics of the composite. 
Example it 14 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of poly(ethylene-co-ethyl acrylate), (-CH 2 CH 2 -) x [-CH 2 CH(C0 2 CjH3>] y [CAS 
9010-86-0] as the interfacial agent and wherein the values of x and y are adjusted to control the 
degree of blend compatibility desired with the final physical characteristics of the composite. 
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Example U15 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of poly(butyl acrylate), [.(CHjCHjJCO^CH^jCH^],, [CAS 9003-49-0] as the 
interfacial agent and wherein the value of n is adjusted to control the degree of blend 
compatibility desired with the final physical characteristics of the composite. 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #\ with 
the substitution of polyacrylonitrile, [-CH 2 CH(CN)-] n [CAS 25014-41-9] as the interfacial agent 
and wherein the value of n is adjusted to control the degree of blend compatibility desired with 
the final physical characteristics of the composite. 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of poly(aciylonitrile-co-butadiene), [-CH 2 CH(CN)-] x [-CH 2 CH=CHCH 2 -] y [CAS 
9003-18-3] as the interfacial agent and wherein the values of x and y are adjusted to control the 
degree of blend compatibility desired with the final physical characteristics of the composite. 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of poly(ethylene-co-ethyl acrylate-co-maleic anhydride) [CAS 41 171-14-6] as the 
interfacial agent and wherein the value of the molecular weight is adjusted to control the degree 
of blend compatibility desired with the final physical characteristics of the composite. 
Example U 19 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of polystyrene-b-polyacrylic acid as the interfacial agent and wherein the relative 
amounts of the polystyrene block and the polyacrylic block are adjusted to control the degree of 
blend compatibility desired with the final physical characteristics of the composite. 
Example #20 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
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the substitution of polystyrene-b-polymethacrylic acid as the interfacial agent and wherein the 
relative amounts of the polystyrene block and the polymethacrylic block are adjusted to control 
the degree of blend compatibility desired with the final physical characteristics of the composite. 
Example M2J 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of polystyrene-b-polyvinyl alcohol as the interfacial agent and wherein the relative 
amounts of the polystyrene block and the polyvinyl alcohol block are adjusted to control the 
degree of blend compatibility desired with the final physical characteristics of the composite. 
Example U22 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of polystyrene-b-polyoxyethylene as the interfacial agent and wherein the relative 
amounts of the polystyrene block and the polyoxyethylene block are adjusted to control the 
degree of blend compatibility desired with the final physical characteristics of the composite. 
Example 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of hydroxyl functionalized polybutadiene, HO(-CH 2 CH=CHCH 2 -) B OH [CAS 
69102-90-5] as the interfacial agent and wherein the value of n is adjusted to control the degree 
of blend compatibility desired with the final physical characteristics of the composite. 
Example U24 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of polyvinyl chloride-co-vinyl acetate), [-CH,CH(Cl>],[-CH,CH(0 2 CCH,H y 
[CAS 9003-22-9] as the interfacial agent and wherein the values of x and y are adjusted to 
control the degree of blend compatibility desired with the final physical characteristics of the 
composite. 

Emtpft m 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of polyvinyl chloride-co-vinyl acetate-co-2-hydroxypropyl aciylate), 
[-CHjOKCD-UCHjCH^CCHjHI-CHjCHtCOjCHjCHCOI^CH,]-], [CAS 41618-91-1] as 
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the interfacial agent and wherein the values of x, y and z are adjusted to control the degree of 
blend compatibility desired with the final physical characteristics of the composite. 
Example U^6 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of poly(vinyl chloride-co-vinyl acetate-co-maleic acid), 
[•CHiCHCCIHtCH^HCO^C^J-y-CHCCO^HCCO^i)-], [CAS 9005-09-8] as the 
interfacial agent and wherein the values of x, y and z are adjusted to control the degree of blend 
compatibility desired with the final physical characteristics of the composite. 

When the above process is followed, various products such as trim (Fig. 10), handle rails 
(Fig. 11), double hung windows (Fig. 12), doors (Fig. 13), and window components (Fig. 14) can 
be produced. As discussed previously with reference to Fig. 10, the handle rail shown in Fig. 1 1 
shows the coextruded composite (160) wherein the outer surface (168) represents the composite 
natural fiber/PVC component (164) and the inner surface is the PVC segment (162). The outer 
surface (168) may be embossed with a wood grain pattern (166) which can then be stained or 
painted. 

The double hung windows shown in Fig. 12, also shows the coextruded construction 
(170) wherein the inner composite (174) is the natural fiber/plastic component and the outer 
section (172) is the PVC segment. In this arrangement, the inner composite (174) can be stained 
and/or painted to match interior room decor. Due to temperature variations in windows, with 
very cold weather on one side of the window and warm temperatures on the interior side, 
dimensional integrity of plastic window components can be a problem. Since natural fibers have 
better thermal stability when compared with many plastics, the addition of natural fiber can 
improve performance. Prior art vinyl windows would necessarily have plastic components visible 
from the interior side of the window. These interior components could only roughly approximate 
the appearance of natural wood. Some previous attempts to rectify this included wrapping such 
components with foil which simulated wood grain. However, this represented an expensive 
solution and the foil was often too fragile to retain its appearance for long period of time under 
heavy use. 

With reference to Fig. 13, another common application of the invention is shown. A door 
(180) is primarily made of wood, metal, or fiberglass. Some designs feature window glass (184) 
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surrounded by trim (182). This trim is a good application of the composite article shown in Fig. 
10. 

In one specialized utilization of this invention shown in Fig. 14, a piece of weather 
stripping (198) is affixed along a longitudinal edge (196) to form an insulation sealed coextruded 
product (190) having a natural fiber/PVC component (194) and a PVC component (192). It is 
recognized that when the product manufactured is as shown in Fig. 13, an additional extruder is 
necessary, and the co-extrusion head discussed previously, will be modified to allow an additional 
melt stream which will form the weatherseal (i.e., a tri-extrusion head). When using flexible vinyl 
as the additional melt stream, an effective bond is found to be made between the composite 
material and the weatherseal. While flexible vinyl is typically preferred for many window and 
door applications, there is no need to limit the invention to such and other materials that bond to 
rigid PVC and/or natural fiber/PVC composites would also work. While the processing 
conditions are generally known throughout the industry for extrusions involving flexible vinyl, a 
typical set of temperatures in the extruder / head would be approximately 132°C for the rear zone 
and zone 2 as defined previously, and 1 60°C for zone 3 and the adapter. 

The amount of stain/porosity absorption the final extruded profile will have is dependent 
on the porosity of the external surface. The greater the porosity, the greater the absorption. 
Porosity is controlled by adding a small amount of additional porosity agent to the mixture 
(commercially available PVC having some metal release agent or porosity agent already added) 
and interfacial agent. The preferred porosity agent is Rheochem Rheolube 185. It has been 
found that this release agent also deters fusion in the feed, pre-compression and compression 
portion of the extruder. In the extruder, venting (extracting moisture via vacuum from the wood) 
becomes very difficult since the wood/PVC have not been sufficiently melted to form a 
homogeneous melt in the vent section of the extruder. In this case, water, PVC and some wood 
flour can be extracted into the vent section. To overcome this problem, the high compression / 
high shear standard pipe screws were modified by narrowing the two flight widths in the feed 
section to allow more feed. Also, notches were added in the pre-compression section of the 
screws to obtain more shear. While this improved the process, insufficient fusion was still noted 
at the vent and an interfacial agent was needed to be added to the mixture to obtain melt which is 
suitable for venting. Another factor that influences porosity is shear rate through the die opening 
(straight land length), shear rates (based on PVC only) between 220 - 500 sec' 1 showed good 
porosity with the preferred mixture. 
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The significance of the porosity is clearly shown in Figs. 15-16, which are photographs of 
the natural fiber/PVC component only. Fig. 15 is an enlargement at 20x magnification taken at 
15 KV with a 1mm reference mark embedded in the picture. The porosity which is due to void 
formation, is clearly evident. At the higher magnification lOOx, shown in Fig. 16, these voids are 
even more prevalent, as shown with the 1 00 n mark embedded therein. The samples were 
prepared by the teachings described above. In order to calculate porosity, the surface picture is 
digitized and with the aid of a software package, the amount of voids over a given area is 
calculated, based on black vs. white pixels. The porosity of the composite in these Figures is 
approximately 22%. Both samples show micro voids uniformly dispersed on the surface. 

A comparative study was made regarding the impact of various variables which are 
present in the system. The variables studied were the effect of material pre-blending of all 
components with the exception of the wood flour, barrel zone temperatures 3&4, screw oil 
temperature, feed level, vent vacuum and die temperature. The following matrix (Table IV) was 
used to evaluate the effect of the six factors on the melt strength of natural fiber/PVC composite 
extrudates. Low melt strength has historically been one of the major problems experienced with 
this type of product. 


Table IV 


Factor 

Variable Range #1 

Variable Range #2 

Starting Material 

no pre-blending 

pre-blending 

Barrel 3&4 temp (°F) 

295 

335 

Screw Oil temp (°F) 

365 

395 

Feed level 

flood 

starve 

• .. . . . « 
Vent vacuum 

0.3 

0.8 

Die temp (°F) 

365 

395 


A partial factorial designed experiment was conducted with the above variables. Melt strength 
was measured by gradually increasing the puller speed until the line broke. A sample immediately 
prior to the break was retrieved, measured and weighed. From this data, it was possible to 
calculate the weight/inch of the part. The lower the number, the higher the melt strength. 

The product made from the non-preblended material showed an 1 1.6% increase in melt 
strength. The higher barrel temperature also produced a product with 13.4% more melt strength, 
while increasing the vent vacuum resulted in 5.7% more melt strength. Screw oil temperature, 
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feeder level and die temperature were shown to be essentially non-critical factors in determining 
melt strength. 

Porosity determines the stainability of the final extrusion. The higher the porosity, the 
more stain it will absorb. Conversely, the lower the porosity, the less stain will be absorbed. A 
22% porosity (void percentage) is preferred. Porosity in the range of 5% to 40% will stain, and 
the amount is a visual preference by the end-user. 

Discussion 

In its most general terms, the interfacial agent can be envisioned to be a low to medium 
molecular weight, oxygen-containing hydrocarbon polymer. The oxygen-containing aspect of the 
polymer would include, but not be limited to, functionality of carboxylic acid groups, esters, 
ethers, alcohols, aciyiates, acid anhydrides, etc. Depending upon the functional group contained 
within the polymer, the interfacial agent would attach by either a physisorption (e.g., hydrogen 
bonding) or chemisorption (e.g., ester bonding). 

As shown in Fig. 17, at least when using oxidized polyethylene [CAS 6844 1-1 7-8 J as the 
interfacial agent, prepared in accordance with example #1, (Sample A) and without the addition 
of an interfacial agent (Sample B), Fourier Transform Infrared spectroscopy (FTIR) evidence 
points strongly to chemisorption as at least one operative mechanism with the formation of an 
ester bond between the interfacial agent and the cellulose, evidenced by the strong peak at 1 734 
cm* 1 (carbonyl stretch). This is a classic diagnostic for the presence of the carbonyl portion of the 
ester bond. 

Specifically, two samples (A and B) were prepared by cutting an extruded section of 
material into pieces smaller than 0.5 cm on a side and grinding the pieces in a Waring commercial 
blender using a stainless steel sample jar and stainless steel blades. Approximately five (5) grams 
of material from each of the two samples were prepared in this fashion. The FTIR used was a 
Nicolet Magna IR 550 Series 2 operated in diffuse reflectance mode. 

While attention has been directed to oxygen-based chemistry, it is also envisioned that if 
chemisorption, possibly via ester formation is a reaction mechanism, then any carboxylic acid 
group contained within the polymer may work. It is also known that ester-type bonds can be 
formed from amides, acyl halides, ketones, nitriles and acrylates. Therefore, polymers which 
contain at least one or several of the above functional groups would be useful in this invention. 
Amides react with alcohols under acidic conditions to produce an ester and an ammonium salt, 
instead of water as in the case of carboxylic acids. 
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It is also believed that the molecular weight of the interfacial agent is an aspect of this 
invention which will have a role in determining both the efficacy of the interfacial agent and in the 
final products of any composite which results therefrom. In general, it is believed that the 
molecular weight (MJ of the interfacial agent should be less than or equal to 6,000 and greater 
5 than or equal to 1 00, more preferably less than or equal to 3,000 and greater than or equal to 
200, and most preferably less than or equal to 1,500 and greater than or equal to 500. 

The invention has been described with reference to preferred and alternate embodiments. 
Obviously, modifications and alterations will occur to others upon the reading and understanding 
of the specification. It is intended to include all such modifications and alterations insofar as they 
1 0 come within the scope of the appended claims or the equivalents thereof. 
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What is Claimed is: 

1 A process for the preparation of a porous natural cellulosic fiber and thermoplastic composite 
comprising: 

mixing the natural cellulosic fiber and the thermoplastic with 
a porosity aid and 

an interfacial agent to form a mixture; 

compressing the mixture in an extnider with an extruder screw having a plurality of flight 
sections, at least one of the flight sections serving as a compression flight section 
which compresses the mixture by having flights in the compression flight section 
spaced closer together than other adjacent flight sections, and at least one other vent 
flight section which allows gaseous reaction products to be removed from the 
extruder through a vent in the extnider by having flights in the vent flight section 
spaced farther apart than the compression section, the vent flight section being 
positioned after the compression flight section; 

extruding the mixture through an extrusion die as a composite; and 

shaping the composite to a desired profile. 

2. The process of claim 1 wherein the step of mixing occurs in a high intensity mixer at a 

temperature of about 180-240°F. 

3. The process of claim 1 wherein at least two flights of a feed flight at an inlet of the extnider 

are thinner than feed flights adjacent to a pre-compression flight positioned downstream 
of the inlet. 

4. The process of claim 1 wherein at least two flights within the pre-compression flights have at 

least two notches cut into a peripheral area of the flights. 

5. The process of claim 1 wherein the extruder is a twin-screw extruder. 

6. The process of claim 1 wherein a temperature profile of the extruder is from 1 65-21 8 °C 

before the vent, from 138-199°C after the vent, from 149-218°C adjacent to the die, from 
177-218°Catthedie,andascrewoilisfrom 165-218°C 

7. The process of claim 1 wherein a mixture level within a feed opening to the extruder is at a 

level which covers the screws. 

8. The process of claim 1 wherein the thermoplastic is selected from the group consisting of 

polyvinyl chloride, polyolefins, polystyrenes, polyacrylics and polyesters. 

9. The process of claim 8 wherein the thermoplastic is polyvinyl chloride. 
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10. The process of claim 1 wherein the porosity aid is selected from the group consisting of 

paraffin or hydrocarbon wax blend having a melting point of 93 °C or lower. 

11. The process of claim 1 wherein the interfacial agent is a polymeric surfactant. 

12. The process of claim I wherein the extrusion die is a dual extrusion die and a second 

thermoplastic is coextruded onto the composite. 

13. The process of claim 12 wherein the second thermoplastic is selected from the group 

consisting of polyvinyl chloride, polyolefins, polystyrenes, polyacrylics and polyesters. 

14. The process of claim 13 wherein the thermoplastic is polyvinyl chloride. 

15. The process of claim 1 wherein the shear rate is from 220-500 sec 1 . 

1 6. A composite article comprising: 

a first zone, said first zone being comprised of a first polymer; and 
a second zone, said second zone being comprised of 

a second polymer, 

a natural cellulose-containing fiber, 

a porosity agent to control the porosity of said second zone having an outer surface, 
said outer surface being porous to hold and retain wood stain or paint; and 

an interfacial agent to aid in forming a homogeneous distribution of the natural 
cellulose-containing fiber in the second polymer, said interfaciai agent being 
functionalized to the extent wherein at least one part of the interfacial agent can 
form a chemical or a physical bond to at least a portion of a cellulose component 
of the natural cellulose-containing fiber while at least one other portion of the 
interfacial agent aids in the compatibilization with the second polymer, and 
said first and second zones being integral and being coextruded together. 

17. The article of claim 16 wherein 

said second zone comprises 

from 90-45% by weight inclusive of said second polymer and 

from 1 0-55% by weight inclusive of said natural cellulose-containing fiber, 

the composite of the second zone having a porosity of between 5-40% inclusive. 

18. The composite of claim 16 wherein the porosity aid is selected from the group consisting of 

paraffin or hydrocarbon wax blend having a melting point of 93 °C or lower and the 
interfacial agent is a polymer having at least one linking group capable of forming said 
chemical or physical bond with said cellulose-containing fiber. 

19. The composite of claim 1 8 wherein the interfacial agent is a polymeric surfectant. 
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20. The composite of claim 1 9 wherein the at least one interfacial agent linking atom within the at 

least one interfacial agent linking group is oxygen. 

21. The composite of claim 20 wherein the at least one interfacial agent linking group is oxygen 

contained within a functional group in the polymeric surfactant, said function group 
selected from the group consisting of carboxylic acids, esters, ethers, acrylates, acid 
anhydrides, amides and alcohols. 

22. The composite of claim 2 1 wherein the interfacial agent is selected from the group consisting 

of oxidized pofyolefin, poly(ethylene-co-acrylic acid), poly(ethylene-co-methacrylic acid), 
poly(ethylene-co-methyl acrylate-co-acrylic acid), polyfmethyl methacrylate-co- 
methacrylic acid), poly(tert-butyl acrylate-co-ethyl acrylate-co-methacrylic acid), 
poly(styrene-co-allyl alcohol), poly(vinyl alcohol-co-ethylene), carboxylated poly(vinyl 
chloride), poly(vinyl chloride-co-vinyl acetate-co-maleic anhydride, polyacrylamide, 
poly(acrylamide-co-acrylic acid), poly(methyl methacrylate), poly(ethyl methacrylate), 
poly(ethylene-co-ethyl acrylate), poly(butyl acrylate), poiy(ethylene-co-ethyl acrylate-co- 
maleic anhydride), polysryrene-b-polyacrylic acid, polystyrene-b-polymethacrylic acid, 
polystyrene-b-polyvinyl alcohol, polystyrene-b-polyoxyethylene, hydroxyl functionalized 
polybutadiene, poly(vinyl chloride-co-vinyl acetate), polyvinyl chloride-co-vinyl acetate- 
co-2-hydroxypropyl acrylate), poly(vinyl chloride-co-vinyl acetate-co-maleic acid). 

23. The composite of claim 19 wherein the at least one interfacial agent linking atom within the at 

least one interfacial agent linking group is nitrogen. 

24. The composite of claim 23 wherein the at least one interfacial agent linking group is nitrogen 

contained within a functional group in the polymeric surfactant, said function group 
selected from the group consisting of amines and nitriles. 

25. The composite of claim 24 wherein the interfacial agent is selected from the group consisting 

of polyacrylonitrile and poly(acrylonitrile-co-butadiene). 

26. The composite of claim 1 9 wherein the porosity aid is added in an amount of from 0.0 1 to 5% 

by weight. 

27. The composite of claim 1 9 wherein the interfacial agent is added in an amount of from 0.0 1% 

to 2% by weight. 

28. The composite of claim 16 wherein the first and second polymers are independently selected 

from the group consisting of polyolefins, polystyrenes, polyacrylics, polyvinyl chloride 
and polyesters. 

29. The composite of claim 28 wherein the first and second polymers are different. 
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30. The composite of claim 28 wherein the first and second polymers are the same. 

3 1 The composite of claim 30 wherein the first and second polymers are polyvinyl chloride. 

32. The composite of claim 1 6 wherein the natural cellulose-containing fiber is wood flour. 
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